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Cantonese Tones in Monosyllabic Words 
Chan Sik, Conroy 
Abstract 
This study aimed to examine the effects of energetic masking and informational masking on 
Cantonese tone perception, the differential pattern that noise affects perception of the six 
Cantonese lexical tones, and the factors determining the effectiveness of masking on pitch 
perception. Four types of noise, including ten-talker babble, two-male-talker babble, two-
female-talker babble, and speech-shaped noise, were used to represent conditions involving 
various amounts of energetic masking and informational masking. Two signal-to-noise ratios 
were employed for each type of noise. A quiet condition served as control. Twenty university 
students (8 male and 12 female) participated in the study. Each participant listened to and 
repeated Cantonese monosyllabic words in quiet and noise conditions respectively and the 
experimenter recorded the tones. The result showed that (1) Cantonese tone perception was 
largely prone to the combined effect of energetic masking and informational masking and it 
was more adversely affected by energetic masking than informational masking; (2) the effect 
of noise was more significant on contour tones than level tones, suggesting that, in noisy 
environment, noise exerted a larger effect on perception of pitch change than that of pitch 
level; (3) the masking effect of babble noise on pitch perception increased with the number of 
masker talkers. 
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Introduction 
In daily life, being in noisy environment is challenging for speech perception. 
Listeners have to detect and track the speaker’s voice but put least attention on the noise 
(Mattys, Brooks & Cooke, 2009) and to perceive the targets with insufficient information 
obtained in the unmasked portions of speech signals (Garcia Lecumberri, Cooke & Cutler, 
2010); therefore, speech perception is significantly better in quiet than that in noise (Broersma 
& Scharenborg, 2010). In general, there are two types of masking: energetic masking, which 
refers to noise that degrades signals through masking them by an acoustic energy floor (e.g. 
traffic noise); and informational masking, which refers to noise that arises distraction of 
listeners’ cognitive resources to cause difficulty in language comprehension (e.g. two-talker 
babble) (Mattys et al., 2009). These two types of masking cause listeners to rely on different 
cues in speech signals in order to overcome the masking effects, with energetic masking 
making listeners to rely on the acoustic cue while informational masking causing ones to 
increase reliance on lexical-semantic knowledge in speech signals (Mattys et al., 2009). 
Given the difficulty in speech perception in noisy environment, some studies have 
found that, pitch, which is a subjective attribute of fundamental frequency in voiced speech 
signals, is an acoustical aspect found to be important in determining the effectiveness of 
speech perception (Kuo, Rosen & Faulkner, 2008). For cochlear implant users, due to the 
technological shortcoming of extraction of fundamental frequency in speech signals, they 
have long been facing great challenges in speech perception in noisy environment (Ciocca, 
Francis, Aisha & Wong, 2002; Yuan et al., 2009) and a recent study argued that addition of 
fundamental frequency cue is highly beneficial for the cochlear implant users to perceive 
speech in noise (Carroll, Tiaden & Zeng, 2011). Even for the normal-hearing population, 
fundamental frequency cue has been found more critical than other acoustical cues (e.g. 
amplitude envelope cue, duration cue) in speech signals in tone recognition in Mandarin (a 
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tonal language) in noisy environment (Kuo et al., 2008). Pitch is therefore a determining 
factor for speech perception in noise. 
Currently, comparisons among the effects of different types of masking on speech 
perception mainly showed how perception of segmental features in speech is influenced by 
noise in non-tonal languages (e.g. English). Different types of noise exert varying degrees of 
informational and energetic masking to the target signal. For example, babble involving 
multiple talkers (e.g. eight-talker babble) contained a large amount of energetic masking 
combined with limited and nearly absent informational masking (Freyman, Balakrishnan & 
Helfer, 2004; Mattys et al., 2009); babble involving a small number of talker (e.g. two-talker 
babble) contained a significant amount of informational masking with limited energetic 
masking (Freyman et al., 2004); and speech-shaped noise and stationary noise had effective 
energetic masking with no informational masking (Cooke, Garcia Lecumberri & Barker, 
2008; Garcia Lecumberri & Cooke, 2006). 
Garcia Lecumberri and Cooke (2006) argued that when informational masking and 
energetic masking simultaneously exist (as in eight-talker babble), the masking effect on 
perception of English consonants is maximal; and they also showed that condition with sole 
energetic masking (as in steady noise) creates a more adverse effect than that with 
informational masking and limited energetic masking (e.g. in one-talker competing speech). 
Also, there are a number of factors affecting speech perception in noise. First, for the number 
of talkers involved in the masker, the most significant informational masking is resulted from 
two-talker babble due to a high similarity between the masker and the target (Freyman et al., 
2004). Although the amount of energetic masking increases with the number of talkers in 
babble noise, the overall masking effect levels off when the number of talkers exceeds eight 
as the noise forms a general babble (Simpson & Cooke, 2005). Second, the relative loudness 
of the target and the masker in the babble conditions also contributes to the masking effect 
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since listeners tend to focus on the louder sound source (Freyman et al., 2004). Third, 
similarity of voice characteristics of the target and the masker would increase the difficulty of 
speech perception, with the highest difficulty when the target and the masker are produced by 
speakers of the same gender (Brungart, 2001; Brungart, Simpson, Ericson & Scott, 2001), 
especially in a condition that a female voice masks a target produced by a female speaker 
(Freyman et al., 2004). Other factors affecting perception of segmental features include the 
spatial relation between the masker and the target as well as the presence of priming of the 
target voice (Freyman et al., 2004). 
The fore-mentioned studies have offered certain insight toward how perception of 
segmental information perception is affected by different types of noise in real life; 
nevertheless, the way pitch perception is influenced by noise has not been clearly captured. 
Added to this, for a tonal language, in which pitch perception is simultaneously an important 
component in deriving lexical meanings, understanding the effects of different types of noise 
on pitch perception would play a crucial role in predicting listeners’ speech perception ability 
in noise in daily life. To visualize how pitch perception is adversely affected in noise, tonal 
languages offer a systematic way to study the effects since pitch perception ability can be 
objectively quantified based on listeners’ accuracy of deriving lexical meanings from pitch 
information in speech signals. 
As a dialect of Chinese, Cantonese is tonal in nature and there are six lexical tones 
(T1-T6), which differ in terms of height and shape of fundamental frequency (Fok Chan, 
1974). The same syllable produced with different lexical tones would vary with their lexical 
meanings. For example, the syllable /yi/ produced in the six lexical tones has the following 
meanings receptively: /yi1/ “clothes”, /yi2/ “chair”, /yi3/ “meaning”, /yi4/ “child”, /yi5/ “ear”, 
and /yi6/ “two”. To identify lexical tones in Cantonese, listeners have to rely on perceiving 
speakers’ average level and change of fundamental frequency (Khouw & Ciocca, 2007). In 
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terms of level of pitch, the six tones can be divided into high level (T1 and T2), middle level 
(T3) and low level (T4, T5, and T6); and in terms of change of pitch, they can be classified as 
level tones (T1, T3, and T6) and contour tones (T2, T4, and T5). For the level tones, pitch 
levels are maintained throughout the production of a syllable while, for contour tones, pitch 
levels change with a rising (T2 and T5) or falling (T4) manner during the production.  Based 
on the nature of tonal contrast in terms of level and change of pitch, Cantonese is a suitable 
tonal language to be used in a pitch perception study. In this study, the six tones are named 
with two characters. The first character indicates the pitch height and the second indicates the 
pitch shape. The six tones (T1-T6) are therefore annotated with HL, HR, ML, LF, LR, and LL 
respectively. Table 1 summarizes the characteristics of the six tones in Cantonese. 
 
Table 1 
Six Lexical Tones in Cantonese 
Tones Pitch level Tone shape Description Tone digit Abbreviation 
T1 High Level High level 55 HL 
T2 High Contour (Rising) High rising 25 HR 
T3 Medium Level Medium level 33 ML 
T4 Low Contour (Falling) Low falling 21 LF 
T5 Low Contour (Rising) Low rising 23 LR 
T6 Low Level Low level 22 LL 
 
This study aimed to study the effects of energetic masking and informational masking 
on Cantonese tone perception, their differential effects on the perception of the six lexical 
tones in Cantonese and the factors determining the effectiveness of masking on pitch 
including the voice characteristics in babble noise and the number of babble talker. It further 
aimed that the result could be generalized to understand the difficulty of tone perception in 
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other tonal languages (e.g. Mandarin) and even that of perception of supra-segmental features 
and speaker information in non-tonal languages in noise. Furthermore, apart from the normal-
hearing population, the study could offer insight toward the direction of development of 
auditory prostheses such as hearing aids and cochlear implants and training offered for the 
users of prostheses. 
 
Method 
Participants 
Twenty university students (8 male and 12 female) with age from 18 to 23 years 
participated in the study. All participants had Cantonese as their first language. Their parents 
spoke fluent Cantonese. All of them have been using Cantonese for at least 90% of the time at 
home and in their daily life in the past five years. Some participants’ family used other 
Chinese dialects in addition to Cantonese, but they only used Cantonese with the participants. 
Most of the participants used English in the learning environment and some of them 
sometimes used English in social gathering in daily life. They also learnt Putonghua as a 
subject in the primary and secondary education. Nineteen of the participants passed the 
hearing screening binaurally at 20 dB HL for octave frequencies from 250 Hz to 4000 Hz 
while one participant had threshold of 25 dB HL for 500 Hz binaurally. 
Two female participants were excluded from the study because one of them was born 
in the Mainland China and migrated to Hong Kong at the age of six years and the other did 
not complete the second part of the study due to the use of another headphone for an 
experiment. Therefore, in total, 18 participants (8 male and 10 female) were included for the 
data analysis. Appendix I shows a summary of the participants’ language backgrounds. 
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 Speech Stimuli and Noise Materials 
There were two sets of stimuli in the study, including experimental stimuli and 
training stimuli. The experimental stimuli included 30 familiar Cantonese monosyllabic 
words, which consisted of five syllables with each in six lexical tones. Two male and two 
female native Cantonese speakers recorded the stimuli in a sound-insulated booth. In total, 
there were 120 monosyllabic words for the experimental stimuli set. The training stimuli were 
different from the experimental stimuli and consisted of 12 familiar monosyllabic words in 
minimal pairs and another 12 familiar words not in minimal pairs. The words in minimal pairs 
involved two syllables in six tones. A different female native Cantonese speaker recorded the 
training stimuli in a sound-insulated booth. All selected monosyllabic words were taught in 
elementary grades with comparable frequency of occurrence. A native Cantonese listener 
identified all the stimuli correctly. Appendix II shows a list of the experimental stimuli and 
the training stimuli. 
Four types of noise were employed in the study, including ten-talker babble (10B), 
two-male-talker babble (2MB), two-female-talker babble (2FB), and speech-shaped noise 
(SSN). The 10B represented energetic masking combined with limited informational masking 
(Freyman et al., 2004); the 2MB and 2FB represented a significant amount of informational 
masking with limited energetic masking (Freyman et al., 2004); and SSN represented an 
effective energetic masking with no informational masking (Garcia Lecumberri & Cooke, 
2006). To create the talker babble, 10 native Cantonese speakers (5 male and 5 female) were 
recruited and each of them recorded 25 daily sentences in a sound-insulated booth. The daily 
sentences were extracted from the Cantonese Hearing In Noise Test (CHINT) (Wong & Soli, 
2005), with all initial consonants, vowels, final consonants and tones in Cantonese present. 
For each speaker, the 25 sentences were equalized with the overall level (RMS power) and 
randomly ordered. The noise materials of 10B, 2MB, and 2FB were generated by summing up 
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a corresponding number of speakers’ sentences. SSN was generated by passing a 
white noise through a 125-coefficient filter derived from the Linear Predictive Coding (LPC) 
spectrum of the 250 sentences from the 10B. Twelve seconds of each type of the noise were 
selected for masking the stimuli. Three noise level were used in the experiments: quiet (QUI), 
0 dB signal-to-noise ratio (SNR) (A0), and -6 dB SNR (N6). For each stimulus in noise, the 
noise began before and ended after the signal for 50 mille-seconds respectively. In total, there 
were 1272 stimuli (Quiet: 120 words; Training: 24 words x 2 SNR x 4 noise types = 192 
words; Noise: 120 words x 2 SNR x 4 noise types = 960 words). 
 
Procedures 
All experiments were carried out in a double-walled sound insulated booth at The 
University of Hong Kong. Each of the participants attended two one-hour sessions. They had 
a hearing screening test and completed a questionnaire about their language background (See 
Appendix III). They had experiments in sequence of the quiet condition, the training 
condition and the noise condition. For the quiet and training conditions, there were four by-
speaker blocks presented with a random order. For the noise condition, there were four by-
speaker experiments and each experiment contained four by-noise-type blocks. The order of 
experiments was balanced across combinations of speakers. The blocks within each 
experiment were randomized. In all conditions, the sequence of stimuli within each block was 
randomized. The participants listened to the stimuli bilaterally under Shure-58 headphones 
and repeated the monosyllabic words they heard. A phonetically trained experimenter 
recorded the tones. No feedback was given. After the participants gave their response, the 
next stimulus was presented. Their productions were recorded for intra-judge and inter-judge 
reliability tests. Three participants (TLF02, TLF03, and TLF07) redid the experiment in quiet. 
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The second attempt was not included for analyses. The training stimuli were used to 
familiarize the participants with the experimental procedures in noise and were not analyzed. 
 
Results 
Intra- and Inter-judge Reliability Tests 
 Three participants (TLF04, TLF08, and TLM01) were randomly chosen. Recordings 
of their responses were listened by the experimenter to establish intra-judge reliability. 
Cohen’s Kappa revealed almost perfect agreement between the first and second ratings, κ = 
.953, p < .001. The same recordings were listened by another phonetically trained final-year 
Speech and Hearing Sciences student at The University of Hong Kong for inter-judge 
reliability. Cohen’s Kappa also showed almost perfect agreement between the ratings of the 
experimenter and the student, κ = .929, p < .001. 
 
Performance in the Quiet Condition 
A one-way repeated measures ANOVA with speaker as the within-subject factor 
showed no significant difference in the perceptual accuracy of the tones produced by the four 
speakers. Therefore, productions from all speakers were considered as a group in the 
following analyses. 
The participant’s mean accuracy in identifying tones in QUI was 78.6% (standard 
deviation (s.d.) = 4.40%). A one-way repeated measures ANOVA with tone as the within-
subject factor with Greenhouse-Geisser correction confirmed significant difference in the 
accuracy among the six tones in QUI (F(2.626, 44.635) = 15.581, p < .001, η2 = .478). 
Pairwise comparisons showed that LF was identified with a higher accuracy than HL (p = 
.011), HR (p = .009), ML (p < .001), LR (p = .004), and LL (p < .001). HR was identified 
more accurately than ML (p = .001) and LL (p = .001); LR was also identified more 
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accurately than ML (p = .002) and LL (p = .032). Taken together, the results indicated that 
contour tones were identified more correctly than level tones. Within contour tones, falling 
tone was identified more correctly than rising tones. The overall accuracy and the error 
patterns for the participants to identify the six tones in QUI are presented in Table 2. 
 
Table 2 
Confusion Matrix of Tone Accuracy in Percentage in the Quiet Condition 
 
Listeners’ gender was found to have an effect on their tone perception accuracy. 
Result of an independent sample t-test revealed that female listeners identified the tones 
significantly more accurately than male listeners (t(16) = 2.272, p = .037, d = 1.078). It 
further indicated that female was better than male to identify the HL tone (t(7.714) = 3.087, p 
= .016, d = 1.626) while no significant difference was found for the other five tones. Among 
all the female participants, there were two outliers in the QUI condition. One achieved the 
best performance of 90.0% and one achieved the lowest accuracy of 74.2%. However, as 
there were no special issues in their language backgrounds, they were still included in the 
study in order to represent a natural variation in the population. No male listeners were 
outliers in the group. 
 Target tones 
HL HR ML LF LR LL 
Response HL 78.6  21.1   0.3 
HR  88.1 0.3 0.3 11.4  
ML 14.7  63.9   21.4 
LF   0.3 98.9  0.8 
LR  15.6 0.3 0.3 83.1 0.8 
LL 0.3  30.6 7.2 2.8 59.2 
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Performance in the Noise Conditions 
Effect of SNR. A one-way repeated measures ANOVA with SNR as the within-subject factor 
with Greenhouse-Geisser correction showed a significant effect of noise level on tone 
accuracy (F(1.382, 23.491) = 33.733, p < .001, η2 = .665) when all noise types were 
collapsed. Pairwise comparisons showed that the accuracy in N6 was significantly lower than 
QUI (p < .001) and A0 (p < .001); however, the accuracy in A0 was not significantly different 
from QUI. Separate analyses on the different types of noise revealed the same results except 
that in the 2MB where the accuracy in QUI, A0, and N6 was not significantly different. 
Overall, the results showed that accuracy in tone perception in A0 was not affected by noise 
and was similar to that in QUI; therefore, the data in A0 was excluded in the analyses on the 
effect of noise. Figure 1 shows the accuracy in tone perception under QUI, A0, and N6. 
 
Figure 1 
Accuracy of Tone Perception in Quiet (QUI), 0 dB SNR (A0), and -6 dB SNR (N6) 
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Effect of noise type. A one-way repeated measures ANOVA with noise type as the within-
subject factor indicated the main effect of noise type on tone perception accuracy (F(3, 51) = 
18.469, p < .001, η2 = .521). Pairwise comparisons revealed that tone perception accuracy in 
the 10B was significantly lower than that in the 2MB (p < .001), 2FB (p < .001), and SSN (p 
= .030). Figure 2 presents participants’ tone perception accuracy in four types of noise. 
 
Figure 2 
Accuracy of Tone Perception under Four Noise Types 
 
Perception of the six lexical tones in noise. A two-way repeated measures ANOVA with tone 
and noise level as within-subject factors was used to examine the effect of noise levels (QUI 
and N6) on the six Cantonese lexical tones. With all the noise types collapsed, the result with 
Greenhouse-Geisser correction showed significant main effect of tone (F(2.679, 45.540) = 
18.013, p < .001, η2 = .514), main effect of noise level (F(1, 17) = 36.831, p < .001 , η2 = 
.684) as well as an interaction effect between the two variables (F(3.073, 52.247) = 5.708, p = 
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.002, η2 = .251). Result of paired sample t-tests confirmed that participants’ performance in 
noise was significantly lower than that in quiet for perception of the three contour tones, HR 
(t(17) = 10.08, p < .001, d = 1.929), LR (t(17) = 3.343, p = .004, d = .915), and LF (t(17) = 
5.211, p < .001, d = 1.757). However, perception of the three level tones was not different 
between the quiet condition and the noise condition. Figure 3 presents the accuracy of the 
perception of the six tones in quiet and in noise. 
 
Figure 3 
Accuracy of the Perception of the Six Tones in Quiet (QUI) and in Noise (N6) 
 
Given the difference between the quiet and noise conditions for contour tones, a two-
way repeated measures ANOVA with tone and noise type as the within-subject factors was 
carried out to determine the difference in perception of the six tones in quiet and the four 
noise conditions. The result with Greenhouse-Geisser correction showed the main effect of 
tone (F(2.661, 45.238) = 16.777, p < .001, η2 = .497), main effect of noise type (F(2.601, 
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44.225) = 25.533, p < .001 , η2 = .600) as well as an interaction effect between the two 
variables (F(7.750, 131.752) = 3.566, p = .001, η2 = .173). A one-way repeated measures 
ANOVA with noise type as the within-subject factor was carried for each of the six tones. No 
significant effect of noise type was found for the HL and ML tones. However, there was a 
significant effect of noise type on tone accuracy for the other four tones, including HR (F(3, 
51) = 11.091, p < .001, η2 = .395), LF (F(3, 51) = 12.815, p < .001, η2 = .430), LR (F(3, 51) = 
7.064, p < .001, η2 = .294), and LL (F(3, 51) = 3.948, p = .013, η2 = .188). Pairwise 
comparisons showed that the order of effectiveness of maskers for each of the tones was 
similar to the overall order for all tones, with 10B being or sharing the position of the most 
effective masker and 2MB being or sharing the position of the least effective masker. Table 3 
shows the order of effectiveness of masker for different tones. Figure 4 presents the accuracy 
of perception of the six tones in quiet and in the four noise conditions. 
 
Table 3 
Order of Effectiveness of Masker for Different Tones 
 Effect of noise type Order of masking effectiveness 
All Tones F(2.601, 44.225) = 25.533, 
p < .001 , η2 = .600 
10B > 
2MB (p < .001), 2FB (p < .001), SSN (p = .030) 
HL NS / 
HR F(3, 51) = 11.091, 
p < .001, η2 = .395 
10B (p = .001), SSN (p = .008), 2FB (p = .002) 
> 2MB 
ML NS / 
LF F(3, 51) = 12.815, 
p < .001, η2 = .430 
10B (p < .001), SSN (p = .010) > 2FB; 
10B > 2MB (p = .002) 
LR F(3, 51) = 7.064, 
p < .001, η2 = .294 
10B (p = .004), 2FB (p = .007) > 2MB 
LL* F(3, 51) = 3.948, 
p = .013, η2 = .188 
10B > 2MB (p = .007), 2FB (p = .039) 
Keys: NS = Not significant 
* No significant difference between the quiet condition and noise condition 
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Figure 4 
Accuracy of the Perception of the Six Tones in Quiet (QUI), Ten-talker babble (10B), Two-
female-talker babble (2FB), Two-male-talker babble (2MB), and Speech-shaped Noise (SSN) 
 
  Furthermore, the 2FB and 2MB were combined to form two-talker babble (2B). A 
one-way repeated measures ANOVA with masking as the within-subject factor revealed a 
significant main effect of masking (F(2, 34), p < .001, η2 = .667). Pairwise comparisons 
showed that tone perception accuracy in informational masking was greater than that in 
energetic masking (p < .001) and informational plus energetic masking (p < .001). Also, the 
accuracy in energetic masking is greater than that in informational plus energetic masking (p 
= .015). This indicated that informational masking is the less effective in creating masking 
effect on tone perception than energetic masking; and when both type of masking exist as in 
10B the most significant masking effect was resulted. Figure 5 compares the effect of 
energetic masking, informational masking and combined energetic masking and informational 
masking. 
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Figure 5 
Accuracy of Tone Perception in Different Masking 
 
 
Effect of speakers’ gender in different noise types. A two-way repeated measures ANOVA 
with speakers’ gender and noise type as the within-subject factors was carried out to 
determine the relationship between speakers’ gender and noise types. The result showed a 
main effect of noise type (F(3, 48) = 26.125, p < .001, η2 = .620) and an interaction effect 
between speakers’ gender and noise type (F(3, 48) = 15.597, p < .001, η2 = .494) while the 
effect of speakers’ gender was not significant. Paired sample t-tests confirmed that the 
identification of productions from male speakers was significantly better than that from 
female speakers only in SSN (t(16) = 2.673 , p = .017, d = 1.337) while no significant 
difference was found in the other conditions. Figure 6 presents the relationship between 
speakers’ gender and noise type. 
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Figure 6 
Relationship between Speakers’ Gender and Noise Type 
 
 
Discussion 
Tone Perception in Quiet 
 Compared with other studies about tone perception in Cantonese, participants in this 
study achieved a relatively low accuracy in the quiet condition. However, most of the 
participants in the study were students from the Division of Speech and Hearing Sciences of 
The University of Hong Kong. They received training on phonetics in Cantonese. The 
relatively low accuracy was probably because there was neither a carrier phrase for carrying 
the target words as in other studies in Cantonese tone perception (e.g. Ciocca and Lui 
(2003)’s study) to improve voice familiarity for the listeners nor contextual support from the 
linguistic environment in monosyllabic words. 
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Among all the six tones, LF is the only falling tone in Cantonese; identification of LF 
was therefore more accurate than that of the other tones. However, there are two rising tones 
(HR and LR) and three level tones (HL, ML, and LL) in Cantonese. Mixing up within level 
tones and rising tones were found to occupy a large proportion of participants’ errors. 
Especially for ML and LL, they have a similar contour and are close in the pitch level (Ciocca 
& Lui, 2003); thus, confusion among level tones stemmed from mixing up of these two tones. 
Despite the low accuracy, participants’ performance in the quiet condition has reflected a 
baseline for tone perception in Cantonese. 
 
Tone Perception in Noise 
 Khouw and Ciocca (2007) explained that identification of lexical tones in Cantonese 
relied on detecting change of pitch to differentiate rising, falling, and level tones; and average 
level of pitch to separate level tones. It was found that only the perception of contour tones 
was affected by noise while that of level tones was not. The pattern likely showed that 
detection of pitch change was challenging in noise while detection of level of pitch was not as 
highly affected by noise. For the three contour tones, the differential effects of the maskers on 
their perception were similar with the overall trend of masker effectiveness, with 10B having 
or sharing the maximum masking effectiveness; and 2MB having or sharing the minimum 
masking effectiveness among all noise types. Such phenomenon of pitch perception should be 
applied for tone perception in other tonal languages (e.g. Mandarin). Also, it could indicate 
that the perception of supra-segmental features involving change of pitch  (e.g. intonation) in 
non-tonal languages is challenging in noise as well. 
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Effect of Energetic Masking and Informational Masking on Tone Perception 
As presented in Figure 5, the order of the masking effect of the three types of masking 
from the largest to the smallest is 10B, SSN, and 2B. Tone perception was the best in 
informational masking (i.e. 2B), worse in energetic masking (i.e. SSN), and the worst in 
informational plus energetic masking (i.e. 10B). The order of masking effect was consistent 
with those of Garcia Lecumberri and Cooke (2006). They also pointed out that the combined 
effect of informational masking and energetic masking (in eight-talker babble) is the most 
challenging condition for English consonant perception, and energetic masking  (in speech-
shaped noise) is the intermediately challenging condition, and informational masking with 
limited energetic masking (in one competing talker) is the least challenging condition. Such 
comparison shows that perception of pitch and segmental features is likely to share a similar 
pattern of degradation in noisy environment. 
 
Factors in Babble Affecting Tone Perception 
Number of babble talker. As the accuracy rates in the 10B were worse than those in 2B, the 
finding suggests that when the number of babble talker increases, pitch perception becomes 
more difficult. The findings echoed those in Brungart et al. (2001)’s study, which examined 
the effect of number of masker talkers on perception of English words and also found that 
speech perception deteriorates when the number of masker talker increases. 
 
Voice characteristics. A previous study pointed out that greater masking effect on English 
consonant perception would be resulted when the target words and the masker are produced 
by speakers of the same gender rather than different gender (Brungart et al., 2001). Such trend 
is even more significant especially in a condition that a female voice masks a female target in 
perception of English words (Freyman et al., 2004). In spite of the effect of voice 
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characteristics on speech perception in non-tonal languages, such phenomenon was not 
proved significant in Cantonese tone perception and, in turn, pitch perception in this study 
although there was a similar trend in the descriptive statistics in the result, where perception 
of male and female productions were relatively low in same-gender masking conditions. 
Hence, it is likely that pitch perception was not as highly affected by voice characteristics in 
human-speech maskers as in the other non-tonal languages. 
 
Implications 
 It has been realized that restoration of pitch information is highly beneficial for the 
cochlear implant users to perceive speech in noise (Carroll et al., 2011); however, there has 
been a technological shortcoming of extraction of fundamental frequency (Ciocca et al., 2002; 
Yuan et al., 2009). Given that this study found that pitch perception in noise is more 
detrimentally affected by energetic masking than informational masking, and the phenomenon 
correlates with other studies on perception of segmental features, auditory prostheses 
designed for the hearing-impaired populations such as hearing aids and cochlear implants can 
relatively focus on suppressing energetic masking in the environment. Especially for pitch 
perception, since perception of the change of pitch in noise was found more challenging than 
that of the level of pitch, effort should be made to preserve such information in order to 
improve pitch perception, and in turn speech perception ability, for users of auditory 
prostheses. 
 
Further Study 
 To study tone perception in Cantonese in depth, further experiments can be carried out 
to follow up this study. First, studies with a bigger sample size can be run to enable 
generalization of the result to the real situation with a larger extent. Second, since the tone 
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perception accuracy of participants of the two genders was found to be significantly different 
in this study, additional studies can be executed for the details of such gender difference in 
society. Third, this study has served as a baseline for tone perception in Cantonese. As there 
are usually contextual support from the linguistic environment and familiarization of voice 
characteristics in daily communication, studies can be carried out to understand the degree 
that such resources helps tone perception in Cantonese in noise. Also, it was found in this 
study that masking effect was effective only when the SNR was -6 dB but not for 0 dB. 
Further study could investigate the threshold of creation of masking effect on tone perception 
in order to further understand the effect of SNR on pitch perception. Finally, as difference in 
tone perception was found between the 2B and 10B conditions, it is of interest to understand 
the effect of the number of masker talker on pitch perception. Follow-up studies can be 
carried out in such directions. 
 
Conclusion 
 From the study, it can be concluded that tone perception in Cantonese, and in turn 
pitch perception, is more affected by energetic masking than informational masking. Masking 
effect is maximal when there are both informational masking and energetic masking. Also, 
the masking effect on pitch perception increases with the number of talkers in babble noise. 
The phenomena are similar with those found in the perception of segmental features in non-
tonal languages by previous studies. However, unlike the perception of segmental features in 
non-tonal languages, pitch perception is not as highly affected by the voice characteristics in 
babble noise since same-gender masker did not exert greater effect than different-gender 
masker on pitch perception. Moreover, perception of contour tones is more affected by noise 
than that of level tones, revealing that information involving pitch change degraded with a 
large degree in noisy environment. 
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It is believed that tone perception in other tonal languages (e.g. Mandarin) and 
perception of supra-segmental features in different languages would also be affected by noise 
with a similar pattern found in this study. Given such trend in pitch perception in noise, 
auditory prostheses designed for the hearing-impaired populations such as hearing aids and 
cochlear implants can relatively focus on suppressing the effect from energetic masking in the 
environment to improve perception of segmental as well as supra-segmental features of 
speech signals. Preservation of pitch change in speech signal in auditory prostheses would 
also improve pitch perception ability, and in turn speech perception ability, for the users of 
these prostheses. 
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Appendix I - Language backgrounds of participants 
Table 4 
Language backgrounds of participants 
Participant Gender Age Born in Hong 
Kong 
Parents speak 
fluent Cantonese 
Family use Cantonese First language 
is Cantonese 
Know other Chinese 
dialect 
TLF01 F 22 Y Y Y Y N 
TLF02 F 24 N (Move to Hong 
Kong since the 
age of six years) 
 
Y 
N (Family use Hakka dialect 
but only use Cantonese with 
the participant) 
Y Y (Hakka dialect) 
TLF03 F 22 Y Y Y Y N 
TLF04 F 23 Y Y Y Y Y (Min nan dialect) 
TLF05 F 22 Y Y Y Y N 
TLF06 F 22 Y Y Y Y N 
TLF07 F 23 Y Y Y Y N 
TLF08 F 22 Y Y Y Y N 
TLF09 F 22 Y Y Y Y N 
TLF10 F 20 Y Y Y Y N 
TLF11 F 20 Y Y Y Y N 
TLF12 F 20 Y Y Y Y N 
TLM01 M 18 Y Y Y Y N 
TLM02 M 23 Y Y Y Y N 
TLM03 M 18 Y Y Y Y N 
TLM04 M 18 Y Y Y Y Y (Hokkien and 
Shanghai dialects) 
TLM05 M 20 Y Y N (Family use Hakka dialect 
but only use Cantonese with 
the participant) 
Y Y (Hakka dialect)  
TLM06 M 22 Y Y Y Y N 
TLM07 M 21 Y Y Y Y N 
TLM08 M 19 Y Y Y Y N 
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Table 4 (Continued) 
Language backgrounds of participants 
Participant Proportion of daily use of Cantonese Pass hearing 
screening 
Speech, language 
and hearing 
disorders 
Exclusion (reason) 
Past 5 years Past 5 months Past 5 weeks 
TLF01 100% 100% 100% Y N / 
TLF02 75% 80% 90% Y N Excluded 
(Move to Hong Kong since age 6) 
TLF03 100% 100% 100% Y N / 
TLF04 100% 100% 100% Y N / 
TLF05 100% 100% 100% Y N Excluded 
(Did not complete all experiments) 
TLF06 90% 90% 90% Y N / 
TLF07 90% 80% 80% Y N / 
TLF08 100% 95% 90% Y N / 
TLF09 90% 90% 100% Y N / 
TLF10 80% 80% 80% Y N / 
TLF11 90% 90% 90% Y N / 
TLF12 90% 90% 90% Y N / 
TLM01 90% 90% 90% Y N / 
TLM02 100% 100% 100% Y N / 
TLM03 90% 80% 90% 25 dB HL for 
500Hz bilaterally 
N / 
TLM04 90% 60%* 60%* Y N / 
TLM05 100% 100% 100% Y N / 
TLM06 90% 90% 90% Y N / 
TLM07 100% 100% 100% Y N / 
TLM08 100% 90% 90% Y N / 
Keys: Y = Yes / N = No 
* Use English in social gathering with friends in university
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Appendix II - Experimental and training stimuli list 
Table 5 
Experimental and Training Stimuli List 
Experimental stimuli 
Jyutping Characters Frequency* Jyutping Characters Frequency* 
/fu1/ 夫 0.0402% /jyun1/ 冤 0.0021% 
/fu2/ 苦 0.0430% /jyun2/ 丸 0.0012% 
/fu3/ 富 0.0268% /jyun3/ 怨 0.0090% 
/fu4/ 符 0.0106% /jyun4/ 圓 0.0122% 
/fu5/ 婦 0.0170% /jyun5/ 遠 0.0580% 
/fu6/ 負 0.0341% /jyun6/ 願 0.0416% 
/si1/ 詩 0.0184% /wai1/ 威 0.0187% 
/si2/ 史 0.0312% /wai2/ 委 0.0579% 
/si3/ 肆 0.0024% /wai3/ 畏 0.0020% 
/si4/ 時 0.4905% /wai4/ 唯 0.0175% 
/si5/ 市 0.1357% /wai5/ 偉 0.0124% 
/si6/ 是 1.4020% /wai6/ 胃 0.0044% 
/ji1/ 衣 0.0445%   
/ji2/ 椅 0.0075% 
/ji3/ 意 0.2166% 
/ji4/ 兒 0.0922% 
/ji5/ 已 0.1981% 
/ji6/ 二 0.1836% 
Training stimuli 
Jyutping Characters Frequency* Jyutping Characters Frequency* 
/jan1/ 因 0.2078% /jing1/ 英 0.1007% 
/jan2/ 忍 0.0173% /maau1/ 貓 0.0063% 
/jan3/ 印 0.0314% /jam2/ 飲 0.0133% 
/jan4/ 人 1.1490% /mou2/ 帽 0.0038% 
/jan5/ 引 0.0484% /jin3/ 燕 0.0024% 
/jan6/ 刃 0.0006% /jiu3/ 要 0.4446% 
/jau1/ 憂 0.0090% /joeng4/ 羊 0.0027% 
/jau2/ 柚 0.0002% /wu4/ 胡 0.0131% 
/jau3/ 幼 0.0104% /miu5/ 秒 0.0041% 
/jau4/ 由 0.1691% /jyu5/ 雨 0.0344% 
/jau5/ 有 1.1020% /jung6/ 用 0.2354% 
/jau6/ 又 0.1852% /wong6/ 旺 0.0027% 
* Based on the frequency of the corresponding character in the collection of corpus materials 
in Hong Kong, Mainland China & Taiwan: Chinese Character Frequency, A Trains-Regional, 
Diachronic Survey (http://humanum.arts.cuhk.edu.hk/Lexis/chifreq) 
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Appendix III - Language background for participants 
A. Personal background information 
 
Participant’s code: __________ (Filled by investigator) 
Participant’s sex: M／F 
Participant’s age: __________ 
 
The highest educational level at the moment: 
Primary school／Junior secondary school／Senior secondary school／Diploma／Degree／
Master／Doctor 
(For participants with educational level equal to or higher than diploma, please specify the 
program or the major: 
__________________________________________________________________________) 
 
Have you ever received any training on phonetics or linguistics? Yes／No 
(If yes, please specify the content of the training: 
______________________________________________) 
 
B. Basic language background 
 
Please read the following questions and circle the answers. 
 
 
 
C. Daily language use 
 
Please estimate the proportions of using Cantonese in the following situations (e.g. 90%). 
 
 Situations Percentage 
6. Chatting with family at home   
7. Visiting relatives  
8. Working or studying  
9. Chatting with friends  
10. Chatting on phone  
11. Shopping  
12. Social gathering  
 
1. Are you born and raised in Hong Kong? Yes／No 
2. Do your parents speak native and fluent Cantonese? Yes／No 
3. Does your family use Cantonese as the language for 
communication? 
Yes／No 
4. Do you have Cantonese as your first language and strongest 
language? 
Yes／No 
5. Have you ever had speech, language and hearing disorders?   Yes／No 
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Please estimate the proportions of using Cantonese in the following time periods (e.g. 90%). 
 
 
 
D. Other Chinese dialects 
 
Please read the following questions and circle the answers. 
 
16. Other than Putonghua which is taught in the primary and 
secondary school curriculum, do you only know Cantonese among 
all Chinese dialects? (Other Chinese dialects include Shanghai 
dialect and Hakka dialect etc.) 
Yes／No 
 
The questionnaire is completed. Please return it to the investigator. Thank you. 
 Time periods Percentage 
13. In the past five years  
14. In the past five months  
15. In the past five weeks  
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Appendix IV - Consent form for participants 
Effects of Energetic Masking and Informational Masking on the Perception of 
Cantonese Tones in Monosyllabic Words 
 
You are invited to participate in a research study conducted by Mr. CHAN Sik, Conroy, 
a Year-4 student in the Division of Speech and Hearing Sciences at the University of Hong 
Kong. 
 
PURPOSE OF THE STUDY 
This study aims to investigate the effects of different types of noise on Cantonese tone 
perception in order to understand how pitch perception is influenced in various noisy 
environments in real life. The result of the study will not only show how lexical tone 
perception in Cantonese is affected by noise, but also provide information toward the 
difficulty of segregation of voices, tone perception in other tonal languages (e.g. Mandarin) 
and even that of perception of supra-segmental information in different languages in noise. 
 
PROCEDURES 
Each of the participants will be involved in 2 1-hour sessions on the same day at 7/F, 
Meng Wah Complex, The University of Hong Kong, Pokfulam, Hong Kong. You will first 
receive a hearing-screening test and a short interview about your language background. You 
will then be asked to listen to Cantonese words in quiet and repeat them. If your performance 
meet our criterion, you will listen to more Cantonese words presented in noise and be asked 
to repeat them. Your responses will be audiotaped for further analysis. 
 
POTENTIAL RISKS / DISCOMFORTS AND THEIR MINIMIZATION 
Participants will not have apparent risk during participation in the study. You may only 
experience mild fatigue during the session; however, you may request to take short breaks 
during the sessions to minimize the fatigue. 
 
COMPENSATION / POTENTIAL BENEFITS FOR PARTICIPATION 
 Participants will receive a free hearing screening and HKD$20 per each 1-hour session. 
Your participation will help us understand the difficulty of speech perception in noisy 
environments. 
 
CONFIDENTIALITY 
 All information obtained in this study will be kept confidentially and not disclosed to any 
parties not related to the study. The obtained information will be used for research purposes 
only. Participants will not be identified by true names but only codes in any reports of the 
study. Signed consent forms will be kept in a separate file from all coded materials. 
Information and data with all personal identifiers removed will be kept indefinitely in the 
supervisor - Dr. Puisan Wong’s password-protected laptops and put in cabinets with locks in 
her office for further analysis. Only the investigators of the current project and researchers in 
the Speech Research Lab will be permitted to access the data and consent forms. Participants 
have the right to review their recordings and erase part or all of them at any time. 
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PARTICIPATION AND WITHDRAWAL 
Your participation is voluntary. This means that you can choose to stop at any time 
without negative consequences. 
 
QUESTIONS AND CONCERNS 
If you have any questions or concerns about the research, please feel free to contact Mr. 
Conroy CHAN (6411-9991) or my thesis supervisor Dr. Puisan WONG (3917-1567). If you 
have questions about your rights as a research participant, contact the Human Research 
Ethics Committee for Non-Clinical Faculties, HKU (2241-5267). 
 
SIGNATURE 
 
I _________________________________ (Name of Participant) 
 
understand the procedures described above and agree to participate in this study. 
 
________________________   _________________________ 
      
Signature of Participant     Date 
